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Abstract: In Tanzania, as in other developing countries, dietary intake of nutrients in pregnant women is mar-
ginal or lower than the recommended intakes and therefore these women are at high risk for deficiencies. Our
aim was to evaluate the relationship between diet and plasma levels of retinol, carotenoids, and α-tocopherol in
the third trimester of pregnancy.
Ninety pregnant women aged between 18 and 45 years were equally recruited from three villages. Seven-day
food frequency data was collected by questionnaire. Plasma levels of retinol, carotenoids, and tocopherols were
assessed by high-performance liquid chromatography (HPLC). Results indicated that cooked green leafy veg-
etables constituted the major source of provitamin A carotenoids, with low intake of yellow/orange fruits and
preformed vitamin A. Lutein, lycopene, and β-carotene were the predominant carotenoids in the plasma with
mean values of 1.61, 0.84, and 0.63 µmol/L, respectively. There was no significant correlation between fre-
quencies of vegetable consumption and either plasma retinol or carotenoids. However, increased consumption
of green leafy vegetables with oil, which increases bioavailability, was correlated with high plasma retinol levels
(p = 0.03). Low retinol levels (≤ 0.70 µmol/L) were present in 26% of women. The mean plasma retinol con-
centration was 0.89 µmol/L and 63% of the women had values below 1.05 µmol/L. The mean plasma α-toco-
pherol concentration was 15.4 µmol/L and women with plasma retinol concentration > 1.05 µmol/L had signif-
icantly higher mean α-tocopherol than women with plasma retinol concentration ≤ 0.70 µmol/L (p ≤ 0.01). Twen-
ty-four percent of the women were anemic (hemoglobin:Hb <110 g/L) and the mean Hb value was 116.3 g/L.
Key words: Diet, plasma α-tocopherol, plasma carotenoids, plasma retinol, pregnant women, vitamin A
The work was undertaken at: Tanzania Food and Nutrition Centre, Dar es Salaam, Tanzania
DOI 10.1024//0300-9831.73.5.323
324 G. Mulokozi et al: Plasma Retinol, Carotenoids and Tocopherols During Pregnancy
Introduction
In recent years, new physiological and clinical implica-
tions of carotenoids and vitamins A and E have been iden-
tified. Carotenoids, in addition to their provitamin A ac-
tivity, may be preventive against certain types of cancer
or chronic disease [1, 2]; vitamin A is recognized as an es-
sential micronutrient for vision, cell growth, normal im-
mune function, the hematopoietic system, and reproduc-
tion [3, 4] and; vitamin E inhibits lipid peroxidation in cell
membranes [5] and also plays an important role in vita-
min A metabolism by protecting retinol [6].
Community surveys and hospital-based xerophthalmia
surveillances conducted in Tanzania indicate that vitamin
A deficiency is a problem of public health significance,
both in pre-school children and in lactating women [7]. A
nationally representative survey conducted in 1997 indi-
cated that 24% of children under 6 years of age had serum
retinol levels below 0.70 µmol/L and 69% of lactating
women had low breast milk retinol (< 1.05 µmol/L) [8].
The high prevalence of vitamin A deficiency among lac-
tating women in Tanzania suggests that the problem is
likely to be found among pregnant women as well. The
basic cause of this problem is related to the diet, which
contains little preformed vitamin A, as well as plant foods
with a low content and bioavailability of provitamin A
carotenoids. In Tanzania, vitamin A deficiency has been
reported in semi-arid areas such as the Singida region,
which has been attributed to inadequate intake of fruits
and vegetables [9]. In this area people live by subsistence
farming, mainly producing sorghum, bulrush millet,
maize, and sweet potatoes. A variety of dark green leafy
vegetables constitute the common relish. However, con-
sumption of fruits and vegetables is low during the dry
season due to scarcity.
It has been reported that the dietary intake of vitamin
A for most women in developing countries is chronically
lower than the recommended level of intake and frequently
near the basal requirement [10]. The major dietary sources
of vitamin A in these countries are, however, provitamin
A-rich vegetables and fruits.
The main carotenoids present in human plasma and tis-
sue are hydrocarbon carotenoids (α- and β-carotene and
lycopene), the monohydroxy xanthophyll (β-cryptoxan-
thin), and the dihydroxy xanthophylls (lutein and zeaxan-
thin) [11]. Plant foods, vegetables, fruits, and palm oils
constitute the main sources of dietary carotenoids. The role
of carotenoids in disease prevention, apart from the known
function of provitamin A carotenoids as a vitamin A pre-
cursor, has stimulated interest in assessing their levels in
human plasma. However, the plasma levels of carotenoids
more strongly reflect recent dietary intakes than long-term
consumption patterns [12]. High consumption of vegeta-
bles and fruits has been correlated with higher concentra-
tions of individual carotenoids in plasma [13].
Dietary vitamin E is primarily composed of α- and γ-
tocopherol, of which α-tocopherol is most dominant in
human plasma. The main sources of vitamin E in the Tan-
zanian diet are vegetable oils (from cotton and sunflower
seeds), peanuts, and to a smaller extent from grains (maize,
millet, and sorghum) and green leafy vegetables. Vitamin
E status is often assessed by analysis of α-tocopherol
levels in plasma that reflect changing dietary intakes of
vitamin E [14]. 
Our knowledge is scanty as to what extent the plasma
levels of retinol, tocopherols, and carotenoids reflect the
consumption pattern of a plant-based diet in developing
countries. Such information would help to assess the ad-
equacy of the existing diet and to guide in promotion ac-
tivities to improve the diet. In particular, the focus should
be on vulnerable groups who are at risk of developing vi-
tamin deficiency due to increased demand and/or in-
creased losses. The aim of the present study was therefore
to evaluate the relationship between the dietary con-
sumption pattern and the plasma levels of retinol,
carotenoids, and tocopherols in pregnant women living in
a semi-arid area of Singida rural District of Tanzania, dur-
ing the last trimester of pregnancy.
Subjects and Methods
Study subjects
A total of ninety pregnant women aged from18 to 45 years
were enrolled in the study. Thirty women were randomly
selected from each of three villages in the Ilongero Divi-
sion of the Singida rural District during a survey. The en-
rolled women were at a stage of around three months be-
fore parturition and few had started attending the antena-
tal clinic. A nurse/midwife assisted in recruiting suitable
subjects based on obstetric history and fundal height.
Women were registered from three villages because they
were later to be allocated to three dietary intervention
treatment groups based on their village of residency in or-
der to minimize cross-over between groups. Women who
were recruited in each study group were matched for age
and parity. 
Exclusion criteria
Women were not enrolled into the study if they were se-
verely anemic (hemoglobin less than 70 g/L) or had se-
vere clinical infections such as tuberculosis or HIV-related
diseases. Similarly, those who were unwilling to comply
with the recommended dietary intervention that followed
Int. J. Vitam. Nutr. Res., 73 (5), 2003, © Hogrefe & Huber Publishers
G. Mulokozi et al: Plasma Retinol, Carotenoids and Tocopherols During Pregnancy 325
(n = 2), or those who did not like to donate blood for lab-
oratory analysis (n = 1) were excluded.
Ethical issues and approval
The study was approved by the Research and Ethics Com-
mittee of the Tanzania Food and Nutrition Centre. Verbal
consent was sought from women for participating in the
study following full explanation of the project. Commu-
nity leaders, the District medical officer (DMO), and the
District Community Development Officer (DCDO) gave
their consent for running the study. 
Study area and population
The study was conducted in the Ilongero Division of Singi-
da rural District in Central Tanzania. The region is semi-
arid and experiences 5–6 months of drought in a year typ-
ically characterized by water shortage and scarcity of fresh
dark green leafy vegetables (DGLV) and fruits. Sun dry-
ing is a traditional method used in preserving green leafy
vegetables and other foods for off-season consumption. A
few years back, an improved method of solar drying was
introduced in the area for drying provitamin A-rich veg-
etables and fruits to improve the retentions of provitamin
A carotenoids in dried foods [15]. The ecology, dietary
patterns, and socioeconomic status of people in the three
study villages were comparable. Food security has been
reported to be inadequate for 74% of households in the
area [16]. Some families own cows and goats, the number
of which is one of the indicators for determining the so-
cioeconomic status. Milk production from the cows is nor-
mally low due to inadequate feed and water. Legumes
(beans, cowpeas) and a variety of DGLV including ama-
ranth, mlenda (Corchorus spp.), cowpea, sweet potato,
pumpkin, and maimbe (Cucumis angularia) in their fresh
or dry forms constitute the common relish. An average of
two main meals (lunch and supper) per day are normally
consumed and usually include a larger portion of stiff por-
ridge (ugali) made of either sorghum, millet, or maize and
a smaller portion of relish prepared from fresh or dried
DGLV or occasionally, legumes. Fish and meat are rarely
eaten because most households cannot afford them. How-
ever, dried small fish commonly known as dagaa are rel-
atively cheap and affordable and therefore consumed in
some households. In some households breakfast is eaten,
which consists of leftover food from supper.
The traditional practice in relation to eating among the
Wanyaturu, the major tribe in the study area, is that nor-
mally men and boys (6-years-old and older) in the house-
hold are served first from two shared bowls, one contain-
ing the cooked staple and the other the relish. When the
men and boys are satisfied, women and girls (6-years-old
and older) eat the rest of the food from the same bowls.
Studies conducted in the area during the dry season to as-
sess the prevalence of vitamin A deficiency had shown that
vitamin A deficiency was a problem in the area [9, 17]. 
Socio-demographic data
A semi-structured questionnaire was used to collect data
on socio-demographic factors including age, marital sta-
tus, parity and number of children, number of pregnan-
cies, literacy, methods of vegetable preservation, and hor-
ticultural activities. Furthermore, women were asked
about whether they had experienced fever or diarrhea dur-
ing the past two weeks. 
Anthropometry
Height, weight, and skinfold thickness were measured as
recommended by others [19]. Four different skinfold mea-
surements were taken in triplicate (biceps, triceps, sub-
scapular, and suprailiac skinfolds) and the equivalent body
fat percentage of the body weight established using tabu-
lated values [20].
Dietary interviews
Information on frequency of dietary intake during the past
seven days was obtained by administering a standard ques-
tionnaire similar to the one developed by Helen Keller In-
ternational (HKI) [21] for assessing communities at risk
of vitamin A deficiency. A modification made on the ques-
tionnaire was to replace spinach, apricots, and coconuts
with green leafy vegetables, fruits rich in provitamin A
carotenoids, and sunflower oil, respectively. These food
items are found in the communities on a seasonal basis.
In administering this questionnaire, the respondent men-
tioned the number of days in which a certain food item was
eaten during the past seven days. The questionnaire contains
a list of 28 food items including a staple food, major sources
of vitamin A, and major sources of fat, oil, and protein.
Blood sampling
Five mL of venous blood was taken from recruited women
with the help of Vacutainer tubes containing ethylenedi-
amine tetraacetic acid (EDTA). Blood samples were al-
lowed to stand at room temperature for 20 minutes while
covered with black cloth to protect against degradation of
vitamin A by light and then kept in a cooling box at 6°C.
Within three hours the blood was transported to the field
laboratory, Singida College of Medical Laboratory Tech-
nology, and centrifuged at 2000 xg for 10 minutes at room
temperature.
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After separation, plasma samples were stored in Eppen-
dorf tubes at –20°C for a week and then transported frozen
to Dar es Salaam. The samples were kept frozen at –20°C
before analysis within two weeks for retinol, carotenoids,
and tocopherols.
HPLC analysis of plasma retinol,
carotenoids and tocopherols
The high-performance liquid chromatography (HPLC)
system was comprised of a dual piston solvent delivery
pump and controller (Waters 600) and a photodiode array
detector (Waters 996) equipped with Millennium software
(version 2010). Reagents used included HPLC grade
methanol, acetonitrile (BDH, Poole, England) dichloro-
methane (May and Baker Ltd., Dagenham, England), an-
alytical grade n-hexane, ethanol (BDH, Poole, England),
and triethylamine (SIGMA, St. Louis, MO, USA).The
standards used were retinol, α-carotene, β-carotene, ly-
copene, α-, δ-, and γ-tocopherol, purchased from SIGMA
chemicals (Poole, England). Lutein, zeaxanthin, β-crypto-
xanthin, and trans-β-apo-10'-carotenal for the synthesis of
the internal standard trans-β-apo-10'-carotenal oxime
were gifts from Hoffman-La Roche Ltd., Basel, Switzer-
land. The Standard Reference Material (SRM 968c) from
the National Institute of Standards and Technology (NIST)
in the United States was used for plasma analysis.
The stock and working solution of the reference
carotenoids were prepared according to Hart and Scott
[22]. The tocopherols were dissolved in heptane to pre-
pare a stock solution, and the concentration determined
spectrophotometrically in ethanol. The mobile phase was
acetonitrile:methanol:dichloromethane (75:25:5) con-
taining 3.85 g ammonium acetate. The extraction proce-
dure was a modification of the method from Hess et al
[23] as explained by Lietz et al [18]. Twenty µL of the fi-
nal extract was injected manually through a Rheodyne in-
jector (model 7125) onto a monomeric microsorb ODS2
C18 reversed phase column (100× 4.5 mm, 5 µm) by Al-
tech and a polymeric VYDAC TP51 C18 reversed phase
column (250× 4.5 mm, 5 µm). The flow rate was 1.5 mL/
minute. Chromatographic data were processed at 325 nm,
292 nm, and 450 nm for retinol, tocopherols, and
carotenoids, respectively. Coefficient of variation for
lutein, zeaxanthin, β-cryptoxanthin, lycopene, α-
carotene, β-carotene, retinol, α-tocopherol, and γ-toco-
pherol for within assay was found to be 3.0%, 4.6%, 4.5%,
10.3%, 5.8%, 5.8%, 2.6%, 3.6%, and 2.9%, respectively.
Between-assay coefficient of variation for these analyses
was found to be 13.7%, 15.4%, 13.9%, 15.6%, 13.9%,
14.7%, 14.5%, 13.8%, and 14.2%, respectively.
Haemoglobin
Blood for hemoglobin was obtained by finger pricking.
The hemoglobin concentration was measured on the spot
by using a portable HemoCue B-hemoglobin system (He-
moCue AB, Ängelholm, Sweden). In order to monitor the
performance of the HemoCue machine, measurement of
hemoglobin concentration of the supplied standard cuvette
were made after every 10 samples, to ensure that it was
within the acceptable range recommended by the manu-
facturer.
Acute phase proteins
Plasma concentrations of the acute phase proteins C-re-
active protein (CRP) and α1-acid-glycoprotein (AGP)
were measured by enzyme-linked immunosorbent assay
(ELISA). The AGP method used was as described by Fil-
teau et al [24]. CRP was measured by a sandwich ELISA
using both capture and horseradish peroxidase-conjugated
antibodies to CRP from Dako (Cambridge, UK) and a CRP
standard from Behring Diagnostics (Milton Keynes, UK).
Data analysis
Data were analyzed with Systat software, version 7 (SPSS
Science Inc, Chicago, IL).
Summary statistics (arithmetic and geometric means
with standard deviations) for hemoglobin (Hb), retinol, to-
copherols, carotenoids, and acute phase proteins were cal-
culated. Data transformation for retinol, tocopherols, and
Hb were done to obtain proportions of women stratified
between cut-off points determined by WHO. Frequencies
of intake of carotenoid and animal food sources were in-
dividually transformed to obtain proportions of women in
different dietary intake categories. Correlation analysis
was used to test associations between consumption pat-
terns and biochemical parameters and the analysis of vari-
ance (ANOVA) followed by Tukey’s HSD multiple rank
test was used to assess differences between stratified
groups (according to dietary intake and plasma retinol).
The plasma retinol cut-off indicative of low vitamin A
status was taken as < 0.70 µmol/L and the value for nor-
mal levels as ≥1.05 µmol/L [25]. The cut-off values of
retinol in pregnant women are not well defined and WHO
cut-offs for children have therefore been used. In normal
adults, plasma α-tocopherol concentration ranges from
11.6 to 46 µmol/L if plasma lipid values are normal [26].
Cut-offs for pregnant women are not well defined, there-
fore the adult cut-offs for plasma α-tocopherol concentra-
tions were adopted, < 11.6, 11.6–16.2, and > 16.2 µmol/L
as indicative of deficient, low, and acceptable vitamin E
status, respectively [27, 28].
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For hemoglobin, levels < 110 and ≥ 100 g/L was in-
dicative of mild anemia and levels < 100 and ≥ 70 g/L was
indicative of moderate anemia as given by WHO/
UNICEF/UNU [29].
Small amounts of fat in the diet have been shown to en-
hance β-carotene concentrations in plasma, indicating an
increased absorption (about 150%) from the diet [30, 31].
The frequencies of dietary oil intake and DGLV were
therefore put together to allow for the improved avail-
ability of carotenoids from the vegetable preparations
when oil was added. The frequency intake for oil was mul-
tiplied by  a factor of 1.5 to adjust for the increased ab-
sorption of carotenoids.
Results
Anthropometric and socio-demographic data
A total of ninety pregnant women (27.9 ± 6.9 years) were
enrolled and 87 had complete data sets. Age, height,
weight, body mass index (BMI), percentage body fat, par-
ity, and years between pregnancies of the study subjects
are given in Table I. Twenty-seven women (31%) were il-
literate and the literate ones had attained a maximum of
seven years of universal primary education. Crops for pro-
viding staple foods are mostly grown whereas vegetables
are normally harvested from farmlands (self-grown),
picked from the wild, or occasionally bought from neigh-
borhood gardens. Only 31% and 29% of pregnant women
were reported to have horticultural gardens and fruit trees,
respectively. Sun drying of green leafy vegetables as a tra-
ditional method of preserving various types of vegetables
for dry season consumption was practiced by about 90%.
Commonly dried vegetables included mlenda, maimbe,
amaranth, and sweet potato leaves. Women stated that they
did not consume special foods during pregnancy; how-
ever, 35% reported avoidance of some foods including
green leafy vegetables, milk, small fish, and eggs because
of heartburn, vomiting, nausea, bad smell, or dislike. Some
women (18%) reported eating soil during pregnancy. The
soil was mostly obtained from walls of their houses, which
are constructed of mud, and a few bought it from local
markets. Forty-four percent of women reported that men
and boys eat first from a shared bowl, whereas 45% re-
ported that all people in their households eat together from
shared bowls. In 6% of the households, males eat alone
while women and children eat together and in 1.2% of the
households adults eat before the children. About 13% and
21% of all pregnant women reported to have experienced
diarrhea and fever, respectively, within two weeks before
the survey. They were all nonsmokers and none of them
reported to have ever taken vitamin A capsules or any oth-
er type of vitamin supplements. 
Dietary interviews 
The proportions of pregnant women categorized accord-
ing to their frequency of consumption of vitamin A or
provitamin A carotenoid food sources are presented in
Table II. Generally the intake of animal sources of pre-
formed vitamin A was low. For example, it was found that
86%, 82%, and 70% of the women did not eat liver, but-
ter, and eggs, respectively, during the week preceding the
interview. Of the provitamin A sources, carrots were not
eaten at all and 92% and 88% of women did not eat man-
go and papaya, respectively, during the week. The survey
coincided with the papaya season despite the low intake
reported by the women. The reason could be that no pa-
paya trees were in the households or that papaya fruits are
meant for children due to cultural beliefs. Mangoes are
not grown in the study area and are therefore not com-
monly eaten even during the mango season, which is be-
tween December and March. However, 55% of women re-
ported eating cooked green leafy vegetables in fresh or
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Table II: Distribution of women (%) in different dietary intake
categories.
Times eaten during the past week
0 1 ≥ 2–< 7 7 (daily)
Staple food 0 0 0 100
Cooking oil (all types) 14 7 34 45
Sunflower oil 55 7 27 11
Carotenoid Source
DGLV1 1 5 39 55
Mango 92 5 3 0
Papaya 88 8 4 0
Carrot 100 0 0 0
Pumpkin 91 7 2 0
Vitamin A sources
Liver 86 13 1 0
Eggs 70 20 10 0
Small fish 27 28 43 2
Butter 82 6 6 6
1 DGLV = Dark Green Leafy Vegetables
Table I: Characteristics of study subjectsa
Mean ± SD (Range)
Age of mother (yrs) 27.9 ± 6.9 (18–45)
Parity 4.4 ± 2.6 (1–12)
Years between pregnancies 1.9 ± 0.4 (1.6–2.6)
Height (cm) 159.0 ± 12.4 (146.2–176.0)
Weight (kg) 59.2 ± 7.3 (45.0–83.0)
Body mass index (kg/m2) 23.0 ± 2.4 (18.5–29.8)
% body fat 27.5 ± 4.3 (19.4–38.3)
a Pregnant women (3rd trimester) from three villages (n = 87).
328 G. Mulokozi et al: Plasma Retinol, Carotenoids and Tocopherols During Pregnancy
dried forms daily. Oil intake varied among subjects with
45% using it frequently, 14% not using oil, and 7% using
oil only once during the week preceding the interview. 
Biochemical data and relationship between
plasma vitamins, carotenoids and diet
Mean plasma levels of retinol and α-tocopherol and the
mean hemoglobin value are shown in Table III. Plasma
retinol concentrations of 0.89 (0.62, 1.28) µmol/L indi-
cated that none of the women was deficient (i.e. < 0.35
µmol/L) and 26% had concentrations between 0.35 and
0.70 µmol/L. Although women with C-reactive protein
(CRP) concentrations above 5 mg/L (n = 7) and α1-acid-
glycoprotein (AGP) concentrations over 1g/L (n = 2) had
lower retinol concentrations by 0.13 µmol/L and 0.19
µmol/L, respectively, the differences were not significant
(p = 0.23). 
Alpha-tocopherol was the major tocopherol with a
mean value of 15.4 µmol/L. Eleven percent of the women
had levels < 11.6 µmol/L and were considered vitamin E-
deficient, and 50% had levels indicative of low vitamin E
status [27]. About 24% were mildly to moderately anemic
(Hb < 110 and ≥ 70g/L) and the mean Hb value was 116
± 13 g/L. The geometric means of different carotenoids
and tocopherols in plasma are shown in Table IV. Lutein,
lycopene, and β-carotene were the predominant caroten-
oids in the plasma with mean values of 1.61, 0.84, and
0.63 µmol/L, respectively. Alpha-carotene had the lowest
mean value of 0.06 µmol/L. The mean concentration of γ-
tocopherol was found to be 1.0 µmol/L. There was no sig-
nificant correlation between frequencies of DGLV con-
sumption and either plasma retinol, α-tocopherol, or in-
dividual carotenoids.  However, women consuming veg-
etables cooked with oil more frequently (> 14 times/week)
had significantly higher plasma retinol (p = 0.03) than
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Table III: Mean plasma concentrations of retinol and α-tocopherol and hemoglobin in pregnant women and their percentage distri-
bution according to cut-off levels
Retinol α-tocopherol Hemoglobin
µmol/L % µmol/L % g/L %
< 0.35 0 < 11.6 11 > 70–< 110 10
0.35– 0.70 26 11.6–16.2 50 ≥ 100–< 110 14
0.70–1.05 37 > 16.2 39 ≥ 110 76
> 1.05 37
Means ± SD 0.89 (0.62, 1.28)a 15.4 (12.0, 19.8)a 116.3 ±13.2b
(ntot) (81) (80) (84)
a Geometric mean (± 1 SD)
b Mean ± SD
Table IV: Mean plasma concentrations of carotenoids, tocopherols, and acute phase proteins in pregnant women at 3rd trimester
Study subjects Other studies
Component (µmol/L) (µmol/L)
Carotenoids
Lutein 1.61 (1.01, 2.54) 0.6533, 0.33 59
Lycopene 0.84 (0.70, 1.01) 0.5733, 0.3259
α-carotene 0.06 (0.03, 0.10) 0.0533, 0.1959
β-carotene 0.63 (0.37, 1.07) 0.7641, 0.2432, 0.2433, 0.6959
Zeaxanthin 0.16 (0.10, 0.23) 0.0859]
β-cryptoxanthin 0.10 (0.06, 0.16) 0.5959
Tocopherols
α-tocopherol 15.4 (12.0, 19.8) 21.141, 26.754, 38.933, 32.259
γ-tocopherol 1.0 (0.7, 1.5) 3.7359
Acute phase proteins
α1-acid glycoprotein (g/L) 0.26 (0.21, 0.31) 0.52[58], 0.7[60]
C-reactive protein (mg/L) 0.92 (0.62, 1.26) 2.6 [58], 30.1[60], 3.2[61]
Geometric means: 33Oostenbrug et al. (1998) Arithmetic means: 59Yeum et al (1998).
41Ziari et al (1996). 60Kuvibidila et al (1994).
57Schiff et a (1996). 61Bondevik et al (2000).
32Christian et al (1998b).
58Christian et al (1998a).
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those consuming vegetables cooked with oil less fre-
quently (≤ 7 times/week) (Fig. 1). There was no similar
correlation with any of the plasma carotenoid levels or α-
tocopherol and the consumption of vegetables with oil.
However, women with plasma retinol concentrations >
1.05 µmol/L had significantly higher mean α-tocopherol
levels (p < 0.01) than women with plasma retinol con-
centrations ≤ 0.70 µmol/L (Fig. 2.). 
Discussion
Retinol
Although none of the women had plasma retinol concen-
trations < 0.35 µmol/L, previously recognized as a cut-off
for vitamin A deficiency, a large proportion (26%) of the
women had concentrations < 0.70 µmol/L, the standard
cut-off for low vitamin A status as applied for children
[25]. In a study conducted among pregnant Nepalese
women, excessive risk of night blindness persisted in preg-
nant women with serum retinol levels between 0.70 and
1.05 µmol/L [32]. The authors cautioned that the standard
cut-off of < 0.70 µmol/L for low vitamin A status speci-
fied by WHO for children [25] may be inappropriate for
pregnant women.
Studies assessing plasma vitamin A concentrations at
various stages of pregnancy have produced conflicting re-
sults. Oostenbrug et al [33] found that retinol levels dur-
ing pregnancy only decreased in the 3rd trimester as com-
pared with the 1st and 2nd trimesters and postpartum, mea-
sured in women that were well nourished. Panth et al [34]
reported higher vitamin A levels at mid-gestation as com-
pared with early and late gestation, in low social economic
class Indian women. They suggested that the decline dur-
ing late gestation was due to poor nutrition status of the
women or increased transfer of the retinol across the pla-
centa. During pregnancy, several factors may indepen-
dently effect a change in the serum vitamin level. These
are dietary insufficiency, hemodilution, placenta transfer,
or changes in maternal vitamin metabolism. The present
study has addressed the association between dietary con-
sumption pattern (including provitamin A-rich foods) and
the plasma level of retinol. 
Information obtained from food frequency intake in the
current study showed that pregnant women had a low in-
take of animal sources of vitamin A. The low dietary in-
take of vitamin A is consistent with what has been found
by other studies in other areas of Tanzania [35] and in oth-
er developing countries [36, 37]. Although consumption
of small fish, locally known as dagaa, was reported to be
rather frequent (2 to 6 times per week) by 43% of the
women, their contribution to vitamin A intake might have
been negligible. The amount of retinol may range from 26
to 36 µg/g dry weight (unpublished data). However, the
fish is normally used in small amounts to prepare a fish-
flavored soup that is then used as a dip-source for eating
together with the starchy staple. The lack of correlation
between dietary intake of preformed vitamin A and retinol
levels that was found in this study could therefore be at-
tributed to low intakes and to the fact that plasma retinol
levels are independent of vitamin A intake, with the ex-
ception of the deficiency and excess states [25]. Apart from
Int. J. Vitam. Nutr. Res., 73 (5), 2003, © Hogrefe & Huber Publishers
0,00
0,20
0,40
0,60
0,80
1,00
1,20
Low oil/veg 
(n=10)
Median oil/veg
(n=38)
High oil/veg
(n=32)
Vegetable/oil consumption
P
la
sm
a 
re
ti
n
o
l 
  
(µ
m
o
l/
L)   (p<0.03)
Figure 1: Plasma retinol levels in relation to frequencies of
consumption of vegetables with oil. Low oil/veg represents a
combined intake frequency of oil ×1.5 and vegetables ≤ 7/week,
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Figure 2: Plasma retinol levels in relation to plasma α-toco-
pherol.
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low intake of preformed vitamin A-rich foods, acute and
underlying chronic infections in a few subjects, as indi-
cated by their CRP and AGP levels, resulted in slightly
lower plasma retinol concentrations (not significant). With
very low consumption of preformed vitamin A-rich foods,
the subjects were likely deriving most of their vitamin A
from provitamin A carotenoid food sources such as dark
green leafy vegetables and to a minor extent from mango,
papaya, and pumpkin. Higher plasma retinol levels were
also correlated (p = 0.03) with higher intakes of vegeta-
bles with oil in this study. A better absorption of
carotenoids is expected from such a diet, resulting in an
increased intestinal conversion into retinol.
Carotenoids
The dietary interviews showed that various types of
cooked DGLV were frequently consumed and were the
major contributors of carotenoids in the diet. Increased
vegetable consumption is known to enhance the plasma
concentration of carotenoids, with lutein being the major
carotenoid [38]. Plasma carotenoids have also been found
to be biomarkers of vegetable and fruit intake [13, 39] and
reflect recent carotenoid intake [40]. In the present study,
the mean β-carotene plasma level (0.63 µmol/L) was
slightly lower than 0.76 µmol/L obtained among healthy
pregnant Nigerian women in the third trimester [41]. These
levels were extremely high when compared with levels ob-
tained among Nepalese pregnant women (0.24 µmol/L)
with no signs of night blindness [32], and among pregnant
women of Caucasian race during the third trimester with
0.24 µmol/L [33]. Plasma lutein, lycopene, and β-carotene
were above the 99th, 95th, and 90th percentiles, respec-
tively, for plasma concentrations of these carotenoids in
non-pregnant American women of the same age group
[42]. This finding reflects a high consumption of
carotenoids from plant sources, in this case DGLV. Thus,
based on the high concentrations of carotenoids in the plas-
ma, vitamin A deficiency may not be a problem in this
population. Several studies have questioned the efficien-
cy of carotenoid-rich foods, especially DGLV, in improv-
ing vitamin A status [43–45] due to low bioavailability,
mainly attributed to their matrix. However, in a recent
study among preschool children [46], consumption of
cooked cassava leaves (Manihot spp. and Kapok Ceiba
spp.), which were pounded and homogenized before cook-
ing with oil, had the capacity to increase serum vitamin A
concentrations. Cooking of green leafy vegetables might
contribute positively to the bioavailability of carotenoids
provided the process is done under normal temperatures.
It has also been suggested that increased extractability of
carotenoids from the vegetable matrix due to heat treat-
ment may be associated with improved bioavailability [47,
48]. In our study area, traditional processing methods of
DGLV such as pounding of fresh leaves or stone grinding
of dried leaves before cooking are applied to commonly
consumed DGLV like maimbe and mlenda. These meth-
ods liberate carotenoid molecules [46] known to be lo-
cated in protein-chloroplast matrices within leaf tissues
[44]. Apart from the food matrix, the presence of fat is a
key factor to enhance the absorption and utilization of
carotenoids from the diet [49]. Despite high consumption
frequencies of vegetables by the study women and rela-
tively high concentration of carotenoid concentration in
the plasma, statistical analysis did not show significant
correlation between frequencies of total vegetable con-
sumption and plasma carotenoids (β-carotene, α-caro-
tene, lutein, and β-cryptoxanthin). The lack of correlation
between plasma carotenoids and frequencies of con-
sumption of total DGLV could be attributed to the fol-
lowing. First, the method we used for measuring dietary
intake was semi-quantitative, based on seven-day recall of
food consumption frequency, originally designed for as-
sessing community risk of vitamin A deficiency [21]. Un-
like other dietary methods, such as 24-hour recall, it does
not estimate the precise amount of nutrient intake and the
concentration of carotenoids in the food consumed by an
individual, thus making it difficult to identify low and high
vegetable consumers. However, the major part of the β-
carotene intake is likely to be provided by the DGLVs, and
the most commonly consumed vegetable in the area, mlen-
da (Corchorus spp.), had a β-carotene content ranging
from 169 to 302 µg/g dry weight (unpublished data).
Moreover, the food items listed in the questionnaire did
not include tomatoes, the major source of lycopene. Sec-
ond, conversion of provitamin A carotenoids into retinol
within the intestinal wall might have been extensive and
thus reduced its correlation with dietary intake. Third, the
variation of carotenoid intake in this population may be
too small. Other studies that found a relationship between
plasma carotenoid levels and the amount of vegetable and
fruit intake have studied groups with at least three-fold
differences in intake [13, 50]. Furthermore, there is a sub-
stantial individual variation in plasma levels in response
to ingestion of carotenoids [51].
The dietary questionnaires were administered during
the end of the rainy season when fresh green leafy veg-
etables are mainly available. Dried green leafy vegetables
and a few wild drought-resistant leafy vegetables such as
mlenda (Corchorus spp.) are consumed during the dry sea-
son. Yellow/orange vegetables were not grown in the area.
Papaya is mainly available shortly after the rainy season
but could also be obtained any time during the year. The
extent of consumption will depend on the number of fruit
trees in the household and the amount of fruits produced
by the trees.
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Alpha-tocopherol
The mean α-tocopherol value (15.6 µmol/L) obtained in
this study is lower than that reported for pregnant Niger-
ian women (21.1 µmol/L) [41] and for Caucasian preg-
nant women (38.9 µmol/L), all in their third trimester [33].
Study results on plasma vitamin E levels during pregnan-
cy are inconsistent. Some studies have reported that ma-
ternal vitamin E levels increased significantly during preg-
nancy [33, 52–54] despite the large increase in plasma vol-
ume observed during the course of pregnancy [55]. Oth-
ers have reported constant maternal plasma vitamin E lev-
els during pregnancy, when standardized for total lipid [52,
53] concentration. Any influence from the diet on the plas-
ma vitamin E (α-tocopherol) could have been mainly de-
rived from sunflower oil in this study. Tocopherols are
mainly provided by the sunflower oil and to a minor ex-
tent from grain staples (sorghum, millet, maize) and
DGLV [56], which are consumed on a daily basis. There
was, however, no significant correlation between fre-
quencies of consumption of sunflower oil and plasma α-
tocopherol possibly due to low intake and also because we
could not identify low and high sunflower oil consumers
with the dietary intake assessment tool used.
Interrelationships of plasma retinol,
carotenoids and α-tocopherol levels with
diet
Our study showed that there was a significant relationship
between plasma α-tocopherol and retinol levels. Women
with higher plasma retinol levels had higher plasma α-to-
copherol levels (Fig. 2). These women had also a slightly
more frequent intake of sunflower oil than the women with
low plasma retinol levels. Oil consumption is also likely
to have enhanced the absorption of β-carotene from the
DGLV. The significantly higher plasma retinol levels in
those women who more frequently use oil in their food
preparation are indicative of this suggestion. It has also
been reported that α-tocopherol and other antioxidants
present in many fats exert a protective effect on vitamin A
and carotenoids [47] possibly in the gastrointestinal tract
and within the cell.
Conclusions
Pregnant women in the 3rd trimester who consume green
leafy vegetables cooked with oil more frequently have
higher plasma retinol levels than those who consume such
foods less frequently. This finding indicates that provita-
min A carotenoids from cooked green leafy vegetables
might improve the vitamin A status in pregnant women
provided the bioavailability is enhanced by added cook-
ing oil, preferably that containing α-tocopherol.
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